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TR)MBE ‘4AM ANO CIRECT tiIN: Q4m~RNS Of NATIONWIDE .41WICAEILIV*
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Systems,Analysis,and Assess- Unlversltyof !kdwMexico
ment Division,

Los Alamos ScientificLaboratory
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The economtcoerfonnanceof Trombawall and dir8ct
gain passive solar heating tesignsare evaluated
on a nationwidebasis using the LASL/UNM solar
economicperformancecode. 8oth designs are inte-
grated into a ranch style tract home concept thare-
Dy factlitattng regionalcommsrlsons. Solar add-on
costs are establishedfor each design with regional
differenca$in matarial and labor prices accounted
for ae each site. System sizes are optlmizea
agdinst the natural gas and electric resistance
heating slternatlves,the current price and future
?Scalatlonof which is establishedfor each locale.
Results for each passivs solar design are sum-
marizedon a stste-by.state basis followedby a
discussionof their comparativeeconomic perfor-0 mance. General conclusionsfrom the comparative
dnalys~s.Sredrawn dbout the appropriatenessof
each destgn in each re~fon,

1.

Interestin Sassive solar design has grown dra-
maticallyover the past several years. With this
$rowlng intares: cgmes the need for a continued
*valuationof passive.solar aconomic performance
as new and/or uodaced cost and thermal PerfOf’MaIICe
data becomes lvailable. [n tnls paper the aconomic
performanceof two such designs--Trombewall and
direct Jain--fs ~ssessedagainst the backdropof
regionalener~ prices ind differing solar costs.
A ~epresentatlve$itg from eacn state h?s been
selected for the purposesof comparative evaluation.
$uCn in aoproachhas limitationsIjUO to the OOssl-
bilfty of diverg~ntconditionswithin any state;
however, general pat,tw’nsof applicabilityand
economtc performancecan be identifiedwhich is
usaful for overall comparative analysis,

%
In the section below we rovlew briefly the method-
olfiqyused. This includesa discussionof arctsi-
tec:uraldasign criteria,solar add-on CoStS,
thermalp@rformanc@estimatts,co,lventfonaltnergy
Prices Jnd futures,and the sizing O@iMZatlOfI

proctdur~. Th@ metfiodologysection is followed

%iork performedund~r the auspicesof the Depart-
mnt of !ner , Researchand Developmentfor Heat-

Ying and Cool fig,Offica of the AssistantSecretary
for Conservationand SolaF Energy.

Oy a discussionof results Sunsnarized!n tables.
For a more thorough discussionof the detailed
methodologyand additionalSdckgmund information,
one should refer ?5 the SPeClfi C references liSC?C
throughoutthe paoer.

2. METHQW r

Five basic steps are emplcyed in the macro (fiation-
wtde) evaluationof SOldr economic performance.
These are (1) the specificationsof architectural
deslqn parametersand paSSi VQ ‘W!5i OnS tO d COn -
ventlonai tract home, (2) th? specificationof
the annual thermal performance of the passive de-
signs using simplifiedmethods developed by the
LASL 0-11 Solar Group, (3) the estimationof
passive solar add-on costs which then are COuPl@d
with performanceestimates to calculate costs of
alternativelysized passive solar heacfng designs,
(4) the specificationof conventional Wergy Pr?ces
and futuresby locale, and (5) the determln:tion
of the economic competitivenessof the various
designs based uoon life cycle cost and casn flow
analysis methods using the LASL,’UNMsolar ~cmomlc
performancecode.

2.1 -

A stand rd trlct hOIIIedesign Of aPPrOXimaC=l?
Y1500 ft is altare~ :0 accom~odate the :ouols

glazad 7robe wdll M direct gain ~esiqns (1,2).
The homss is assured to be ;ituatedon s relatively
standard sized Single famiiy residential city lot
(?o x I1O ft.) and to be oriented due soutn <or

maximum possible glazing drea exoosure. 3ecause
we wish to comare both passive designs on a Cdirly
equal basis, the ratio of glazing (collector) area
to storage mass volume is kept constant in the
dtsign specificationand thermal PerformanceWti -
mates. For oth Jesigns that ratio is SIJCnthdt

!jforave?y ft of g;dz ng there i31 ftzof 19 in,
:~ic~ stora e ( .5 /t ),o 2 ft ofg in, thick

storaqt (1,$ ft~),or 3 ftf of ISin, thick storaqe
L!.S ~t3), and so forth, [n the TromhQ wall da.
iiwlv
wi an
thh d
First
mass
which
wall.

Iazinq Area dlways equals mass surface lrea
?8in, thickwell isassumed (3,4,5) For
rect gain design we 100k at two ootlons,
fur the 8 ft. hl h $outn wdll qlazing the

s com!x’isedof a ! in. slab 15 ft. dee~,
abuts to an a?t., a in, thick interior mass
Second, J ft. high Cle,’estorywindows !re



used ~hlch :Ollecr solar energy to L? stored In an
3 ‘:. high, 3 in. grouted C.~J wrticn! north msss
wall vcneefed to conventionalframe wall ccnstruc-
t:on. aOth configurationsanti for a qlJZirlq/mdSS
relationshipconsistentwith the 18 in. Trorriyewall.

2.2 porfgr-napc~

Results ‘mm mdl fled iol~ r-load ratfo carmlation
procedures calculated by tl?eLASL G-11 solar ~rouP
,5,7,3) ire used to estlma~~ the solar performance
(3! of aach passive deslQn. For eac~ solar frac-
tion from j to 95 percent, a calculated LOAD/AREA
(Btu/OO/ft<)ratio from the sfmpllfltd ocrformance
tables is divided into LOAD (Btu/W def!ned for all
surfaces other than thg south wall) to qive US ARM
(f:2) renuirrrsfi:s for each desired level 0$ soIar
‘racclon by locatlon. Mith and without Q-9 night
installationcases are examined for each of the
oassive desiqns.

Solar add-on costs are Isolated from the usual
rract home building costs for both ?romb wall and
direct gain designs, The Tronme wal 1 costs have bem
i~scussed in detai’, previously (1,3,5,10) and only
are surrmrfzed oelw. A detailed breakd~n cf
costs ,uscd for the direct gain design is contained
in Table 1. Note, theru are P#o basic OptiOflS--
jouth facing windows and/or clerestory windws--
wnlch may be used togethar or individually in a m
specific design. [n the economic parfommc-
evaluation all three possibilities am considered.
‘{o uall credit iS given to the clernsto~ dasiqn(ll)

. oacause it was ‘ound to be more cost effective to
olace the storage wall as a v~neer irrrndlatoly in
front of the fra,-ad exterior wall than to make the
st~rage wall load bearl,lg with interspersed ,wlndows.

‘O e~amlne Sensitivltjes , three sets of costs ,are
used For the Trombe wal , design. ?htfondl dvera~e

~nlt costs for the !8 in. ~ouble glazed Trombe wall
de ign are assmed :0 be S9, ~13. 50, and $18 per
3ft of q!az,ng ‘when night in ulation is excluded;

?~nd 512, ji~, and S24 per ft of glaz+nq with night
insulation included in the design (1,3,5,10).

For :he direct gain ~aslgn (18 in. equivalent

!
itorage and double qlazln ), the costs are 53.50,
512.25. and 519.60 per tt of glazing without in-
clusin ot night lnsulatlon; $14, 316.75, and 525

!oar ft with night insulation included. ?’nt 512.25
and 516.75 costs represent a 70/30 mix of Jouth
‘acing to clamstory wtndms in the direct gain
design. The refnainlng cost figur~s are for tht
individual options with south facing windows Qx-
hibitlnq the lctwer unit cost (Table [). .

These national av~rago cost flqures were construc-
ted by solar enqtnaerf and architects assocfatod
with the stud

i
Cdsts for both dnslgns are dd-

Just@d to ret ect regional dlffertncts in mst~rial
prtces a[idlabor ratas by ullng Kan’s (12) 1978
(onst~ction Cost Indicts, Total (S) and avera$e
(S/~0’ Btu) costs for three rtprestntativesolar
fractions (,20, ,40, and .60\ for each of the 48
continental $tatts are disolayed !n Tablt II for
tht Trorrm wall with night insulation dcslqn, and

in 7abl~ [11 for tha d+rec: gain ‘with night insula-
tion d~slgn. me casts ire basad uoon the national
average S19 and 516 75 (70/30 ix of south +aclnq
and clerestorj wndows) Per ?tT Jf glaz!ng for the
Trotie #all and direct gain design, pespec:lvely.

2.4

Although we have sxamlned ~any alternative energy
futures, only two are used in the economic perfor-
mance analysis reported here. A 1977 srate-by -
stace energy data base for natural gas (3/’lCF) srid
electricity (c/Kwh) prices Ids been constructed
previously (5,13,1 ~,15). Two alternative annual
escalation rates (in real inflation free terms) are
used t~ project future prices fcr each state: 4
and 5.5% for natural gas, 0.5 znd 2% for electric-
ity. Equivalent delivered heat!ng c~sts are con-
structed by transforming these fuel orices, ~fter
adjusting for energy canverslon efficiencies, into
a S/106 Btu rraasure.

3. ECONO [C OM P?IMIZ-ATION ANO ANALV$l~

[n cne actual economic performance evaluation we
emloy a variant of life cycle cost alalysis ‘,1,
3,15.16). Reduced to its Sinmlest f’Jrm,‘weevaluate
a series of home heatlnq systems th~t incl~de a
solar component pravidfng anywhere frnm 5 tC 95
percent of the r8quired heat to ‘JetW_mlne the
economically oPLi Imal mlx of sold’: and conventional
back-up \ystems. The net preswt ~alue ~Np’1)of d
solar addition (discounted present value’of solar
syste~ benefits minus solar system ctsts) over the
systam life Is maximized. T%is is exactly equiv-
alent to minimizing the CO$C of deliverea heat to
the hom over a suaciflad life t,m. Soec!’ic
‘values assumed in the economic performance inalysls
wi~~ the ~SL/UtiM code are as follows: ;,’Stem llfe
■ 30 jears, real interast ■ 3.5 oercent, Inflatlon
rata ~ 6 percent, nominal Interest rate [discount
=dc:or)= 3.5 oercent, mortgaqe rate = 9.5 :Qrcent,
operating and maintenance “ 1 Dercent of jy$tem
cost, ant solar costs and alternative ~nergy :osts
as discussed above.

4, u
The results reportad hnm are :arwd ~reliminary,
because ,fforts are continuing to mf:ne botm the
life cycle cost meptiodology (L.ASL/Ut~Meconomic
performance codt) and the Parameter ‘values employod
In that methodology. Wwever, this paper does can-
tain the first prtsentatlon of J nationwide (state-
Fy-state) assessment of direct gain iolar ~?asi-
bll+ty. (Trotia wall n?tlonuidc feasibility,
albait undar differing assumptions about mer~y
fucurns, has btgn addreJsed PnviouSly (3,s ,10).)

A sumnary of case descriptions is presented in
Tabl@ IV, This tabla sarvei as the koy for lnt@r-
pretation of the lnfomecion contained \n TfibltisV
- VIII which brtray the oconomlc performance
r~sults (solar fraction only) for both the Trotie
wall and dtmct gain desi’vs with lnclJsion of th,
night ~nsulatlon o~tlon. (Almgh included in our
analysis to data, resblts for both dgsigns without



the night insulationoption are excluded from the
tables. [n the followingdiscussion,however,
generalpatternsof solar competitivenessfor the
Trotie wall and direct gain designswithout night
insulationare addressed.) For individualdesign
comparisons(differingsolar costs and energy
%cures for each design),equivalentadd-on costs
are assignedCases 1 and 4, 2 LId 5, 3 and 6. The
lower fusl escalationrates are Jpplicabiefor
Cases 1 - 3, the higher rate for Cases 4 - 6.

4,1 Natural Gas Comparison

From inspec~lonOf Tables V and VII, several items
are noteworthy. First, for both the Trombe wall -
and direct gain designs the ~eographicalpattern of
solar feasibilityis general,y equivalentas costs
are va led.

5
At the higher costs ($24 and j=

per ft of ;lazlng),solar competitivenessoccurs
fn the New England,Eastern Seaboard,and ?aciflc
Northwestregions. As costs are lowered,st~tes
are oicked UF in the Nest, North. i4idwest,and
South; and at the lowestof the three prices ($12
and 514) mid-Americanstates finallyjoin the
feasibleset. with night insulationthe Trotie
wall design does slightlybetter (more states
feasibleat the bigner costs tiers) than direct
gain. Optimal solar fractionsare equivalent in
over half the feasiblestates--almostall states at
the higher cost figures--withthe Trombe wall de-
sign having the edge in most of the remaining
feasiblestates.

Hhen night insulationis excluded, the Ohio and
?4ississippiRiver Valley and Midwest states are
the last to achieve solar competitivenessas add-
On costs are Iowerad. Also, the direct gain design
now does somewhatbetter than the Trombe w, 1 de-
si n in that more states are feasibleat the higher
$1~.60 and !l~/ft2 costs. Solar fractionsare
Aually equivalentfor bcth designs.

The yeur of solar feasibility is usually later than
1978 or 1979 for all states under the two higher
add-on cost 14ve? and for southern and western
states at th~ lowmst cost. The importanceof night
insulationfor the Trombe wall design is apparent
throughoutthe nation. [n the majority of states,
the percentageIncreaseIn per+onnanceoutweighs
the percentageincreasein cost due to night in-
sulation. However, for direct gain, this seemingly
universaltrend does not hoi-d. Adding night in-
sulation imFroveseconomic performance!n the
northern tier. The performanceincreaseoutweighs
the cost increasein the north, while the OPPOSlte
holds in the south. Curiouslyenough, in the
southern tier of states,direct gain without night
insulationeconomicallyoutperformsthe Trotie wall
with ntght insulation. [n the northern latitudes,
the Tro*e wall with night insulationoutperforms
th. direct gain design with night insulation, So
It appears that Trotie wall with night insulation
is best for the north and direc- gain without niqht
{nsulat”,~n best for the sout?. fifs is a prelim-
inary result,but quite interesting, As a final
note, both designs competemuch more favorably
when the real natural gas escalationrate is
raised fmm 4% to 5,52, Because the initialprice
levelsof gas are relativelylow, this 1,5% increaso

has a substantialincrementaleffect on the annual-
ized cost of natural gas, and hence lJpon the solar
economics.

4.2 Clectric resistanceComoartson

!4henelectric resistant:is contrastedagainst the
Trotie wall and direct gaifldesign (Table ‘/1 and
VIII), solar add-on costs are not nearly so criti-
cal as against natural gas. Except for states in
the lower MississippiValley, Ohio River Vall&y,
and Pacific Northwest regionseither design
achievessolar competltivesin 1978 (at the 0.5%
escalationrate) acr ss the U, S. at the highest

9cost (S24 and $25/ft of glazing). Without inclu-
sion of night insulation this geographicalpattern
for cost comparisonsmoves into the midwest for
direct gain, Central Plains states for Trombe ‘wall.

Optimal solar fractionsare generallyhigher for
the direct gain design (except in the r,ortherntier
states) than with the Tromhe wall design at the
two higher cost levels. At the lower cost level
the solar fractionsare usually equivalent,‘with
both designs at their physical sizing limit in many
of the northern tier states.

Contrary to the natural gas case, against electric
resistanceboth the Trotie wall and direct gain
designs do better with night insulationthan with-
out at the optimal system sizes. ;!!the case of
direct gain this would indicate that nignt insula-
tion becomes relativ?ltymore importantas system
size and night time losses*ona per square foot
basis increase.
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